Although a large number of methods have been proposed to control the non-linear dynamics of 19 unstable populations, very few have been actually adopted for application. One reason for this 20 gap is the fact that few control methods have been empirically verified using biological 21 populations. To address this issue, we investigated the effects of two well-studied control 22 methods (Both Limiter Control and Target-Oriented Control) on the dynamics of unstable 23 populations of Drosophila melanogaster. We show that both methods can significantly reduce 24 population fluctuations, decrease extinction probability and increase effective population size 25 simultaneously. This is in contrast with single parameter control methods that are not able to 26 achieve multiple aspects of stability at the same time. We use the distribution of population sizes 27 to derive biologically intuitive explanations for the mechanisms of how these two control 28 methods attain stability. Finally, we show that non-Drosophila specific biologically realistic 29 simulations are able to capture almost all the trends of our data. This shows that our results are 30 likely generalizable over a wide range of taxa. The primary insight of our study is that control 31 methods that incorporate both culling and restocking have better all-round performance in terms 32 of stabilizing populations.
INTRODUCTION
the application of the control method, U and L are the pre-determined values of the upper and 141 lower thresholds, and max and min denote the maximum and minimum operators. Here, we 142 arbitrarily chose the lower and upper thresholds as 4 and 10 respectively. Since the dynamics of 143 sexually reproducing species are primarily driven by the number of females in the population, we 144 restricted the implementation of the control to the females. In other words, when the number of 145 females in a given generation was less than 4 or more than 10, BLC was applied by restocking to 146 4 females or culling to 10 females respectively.
148
Target Oriented Control (TOC): In TOC, the population size is nudged towards an a priori fixed 149 target value (Dattani et al. 2011) . It is a two-parameter control method which can be 150 mathematically represented as N tˊ = N t + c d × (Ʈ-N t ), where N t and N tˊ are population sizes before 151 and after the application of TOC and Ʈ denotes the target population size. The parameter c d 152 (arbitrarily set to 0.7 here) represents the fraction by which the difference between the target and 153 current population size is restocked or culled. Thus, in our experiment, when the population size 154 exceeds the target (Ʈ), 70% of the excess individuals are culled and when population size is 155 below the target, 70%of the difference in number of individuals is added to the population. 156 Simulations suggest that when the target is kept close to the carrying capacity of the unperturbed To obtain an estimate of the carrying capacity (K), we fitted the Ricker model (Ricker 1954) 
Unperturbed populations and experimental replicates 174
Apart from the BLC and TOC lines, we also had two sets of populations that were kept 175 unperturbed, and maintained as mentioned in section 2.1. These two sets were called C1 and C2, 176 and they served as unperturbed reference populations for BLC and TOC respectively. This 177 pairing was done at the time of the experimental set up. The dynamics of the C1 and C2 178 populations have already been reported previously (Tung et al. 2015) . When the C1 or C2 179 populations went extinct, they were reset by adding 4 males and 4 females from outside, which 180 contributed to the effort magnitude (see below) of these populations. There were no needs for 181 separate resets in the BLC and TOC lines, since the control methods automatically ensured that 182 the extinct populations were rescued. All flies that were used for restocking were maintained as 183 mentioned in section 2.1 except for the fact that they were provided with ~5 ml of larval food.
184
Overall, there were four treatments (BLC, TOC, C1 and C2) in this study and each consisted of 5 185 replicate populations. 188 We used three measures of stability, namely constancy, persistence and effective population size. Table B1 for 95% CI around d).
Stability measures
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Target Oriented Control (TOC)
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The population size distribution of C2, like C1, had a long right hand tail ( figure 4A ). TOC the effort magnitude for culling was only slightly greater than that for restocking ( figure 3C ). All 263 the differences in means reported for TOC had large effect sizes (i.e. d> 0.8) except that for 264 average population size, where it was found to be small (i.e. d< 0.5; see Table B2 for 95% CI 265 around d). 
DISCUSSION
275
Here we empirically studied the effects of two control methods in terms of inducing stability in 276 unstable biological populations. However, it should be noted that this study does not concern 277 itself with a direct comparison of the relative efficiency of these two methods. This is because it figure 1A) . As a result, the mean was much larger than the median which was also reflected as a 296 high value for skewness ( figure 1A) . This kind of a distribution is a characteristic of populations When BLC was applied, the distribution became more symmetric as the right hand tail was 311 curtailed and only 10.6% of the values lay in the range of 0-20 ( figure 1B) . Consequently, the 312 mean came closer to the median and the value of the skewness was reduced ( figure 1B) . There 402 Effort magnitude and frequency: By its very design, application of TOC is expected to require 403 culling or restocking except for the rare cases when population size would be exactly equal to the 404 target value. Therefore, the effort frequency was found to be close to 1 ( figure 5F ). More figure 5D ).
437
Simulations: Our biologically realistic simulations were able to capture all the trends of the 438 empirical data (cf figure 5 with figure C2 ), which ensures that these results are likely to be robust 439 to noise and generalizable to other species.
441
In short, our study found that TOC increased constancy, persistence and N e of unstable 442 Drosophila populations, but had no effect on average population size. 
